The present study was conducted to estimate the heritability as well as relationship of oleic acid and linoleic acid with oil quality parameters among the backcross progenies in BC 1 F 4 and BC 1 F 5 generation of groundnut. The linoleic acid, oleic to linoleic acid ratio and polyunsaturated to saturated fatty acid ratio exhibited high PCV and PCV estimates as well as high heritability coupled with high genetic advance as per cent of mean in both generations. The strong negative relationship between oleic acid and linoleic acid was observed in virtual elimination of linoleic acid from seed lipids is accompanied by an equivalent increase in the content of oleic acid, the proportion of other fatty acids remained unchanged, indicate that the mutation blocks the desaturation of oleic to linoleic acid in high oleate advance backcross progenies.
Introduction
Groundnut is the main oilseed legume crop grown mainly in arid and semi arid tropics of the world and its kernels contain good quantities of oil (44 -56%), protein (22 -30%), minerals (phosphorous, calcium, magnesium and potassium) and vitamins (E, K and B groups) . Fatty acid profiles are more useful in deciding nutritional properties as well as end use functionality of edible plant oils. For both nutritional and industrial purposes, the composition of fatty acids determines the economic value of seed oil (Sanyal and Randal Linder, 2012) . For food or feed, oil that is high in the level of beneficial oleic acid (C18:1) is most preferred. Main fatty acids present in groundnut are classified into two groups namely saturated fatty acids (palmitic acid, stearic acid, behenic acid and lignoceric acid) and unsaturated fatty acids (oleic acid, linoleic acid and eicosenoic acid). Oleic acid, linoleic acid and palmitic acid are three major fatty acids in groundnut which constitutes about 90% of fatty acid composition of groundnut oil and remaining fatty acids includes stearic acid, arachidic acid, eicosenoic acid and lignoceric acid. Even though linoleic acid (C18:2) is an essential fatty acid, it is not suitable for cooking purpose because of its oxidative instability leading to formation of trans fatty acids which is linked to increased risk of cardiovascular diseases (De Souza, 2015) . Vegetable oils with high levels of oleic acid (18:1) are preferred for food and industrial purposes. Simultaneous increase of oleic acid and decrease of linoleic acid content, leads to high O/L ratio which in turn imparts higher oxidative stability and reduced risk of cardiovascular diseases and cancer (Wilson et al., 2006) . The relative proportion of oleic acid and linoleic acid in groundnut oil determines oil quality and storage life (Worthington and Hammons, 1977) .
Fatty acids synthesized through cycle of biochemical reactions involving multienzyme fatty acid synthases. Fatty acid desaturases are enzymes that introduce double bonds into the hydrocarbon chains of fatty acids and play an essential role in fatty acid metabolism and maintenance of biological membranes in living organisms (Singh et al., 2000) . Biochemical comparison of developing seeds from mutant and parental varieties of groundnut showed that high oleate phenotype was correlated with reduced activity of the microsomal oleoyl -PC desaturase (Ray et al., 1993) . A spontaneous groundnut mutant with 80 per cent oleic and 2 per cent linoleic acid was first isolated by Norden et al. (1987) . F435-derived high oleate groundnut cultivars contain two key mutations within the Δ 12 fatty acid desaturase gene coding region which include a 1bp substitution of G:C→A:T at 448 bp in the A genome and a 1bp insertion of A:T at 441_442 bp in the B genome position respectively. Both of these mutations contribute to decreased activity of desaturase leading to accumulation of oleate versus linoleate (Chen et al., 2010) . Inheritance of high oleic acid is reported to be governed by duplicate recessive genes (Moore and Knauft., 1989; Gangadhara and Nadaf, 2016) but influence of modifiers and additional epistatic interactions (Isleib et al., 1996) are also found in some crosses. Generation mean analysis for oil quality traits by Aruna and Nigam (2009) and Singkham et al. (2012) revealed the predominant role of additive and additive × additive gene action in genetic control of the fatty acid content and quality parameters.
Backcross and introgression of novel traits are useful for genetic improvement in breeding programmes. Genetic variability is a prerequisite for genetic improvement but earlier reports indicated very limited genetic variability for O/L ratio in germplasm collection and advanced breeding lines (Hammond et al., 1997; Asibuo et al., 2008) . Genetic variability for economic traits is the pre-requisite for any successful breeding programme as the degree of response to selection depends on the quantum of variability. Breeding programmes depend on the genetic systems controlling their inheritance and influence of genetic as well as environmental factors on their expression. The study of variation for the traits under selection and their heritability along with genetic advancement potentials are necessary to predict the response to selection. The study of components of genetic variance helps in further partitioning of genetic variance into additive and non-additive components for measuring the type of gene action involved in the expression of traits under consideration. Hence, an understanding of heritability and relationship between of oleic and linoleic acid with oil quality parameters are useful for planning effective selection procedure in evolving high O/L groundnut genotypes.
Materials and Methods
The present study was performed with two backcross progenies of BC 1 F 4 and BC 1 F 5 generations derived from cross between GPBD 4 and GM 4-3. GPBD 4 is high yielding genotype with foliar disease resistance whereas non-recurrent parent, GM 4-3 is high oleate mutant. Two backcross generations, BC 1 F 4 and BC 1 F 5 of cross (GPBD 4 × GM 4-3)-34 × GPBD 4 consisting of 134 and 249 progenies respectively were evaluated by following augmented design with three checks at the experimental plots of Department of Genetics and Plant Breeding, Main Agricultural Research Station, University of Agricultural Sciences, Dharwad during summer 2012 and kharif 2012 respectively. Standard agronomic practices were followed to raise a healthy crop.
Near Infrared Reflectance Spectroscopy (NIRS) is a more rapid nondestructive technique for screening of large population of seed for analysis of desirable changes in the fatty acid composition, protein and oil (Velasco and Becker, 1998; Biskupek-Korell and Moschner, 2007) . Well matured dried kernels were used for fatty acid estimation using Near Infrared Reflectance Spectroscopy (model 6500). NIR diffuse reflectance spectra were collected by a monochromator NIR spectrometer model 6500 (Foss NIRS systems, France) with the range from 400 to 2500 nm, which consisted of a light source of tungsten halogen lamps of 50W, 12 volts. The spectrometer was equipped with silicon detector. For NIRS analysis, single seed was placed in a special adapter about 3 mm thick, with a diameter of 37 mm and a central hole of 6 mm. Before spectra acquisition, a reference spectrum was collected from a standard check cell (IH-0324A, Infrasoft International, LLC, France).
Before using NIR spectrophotometer, it was calibrated using chemical reference method with the application of multivariate regression models to interpret chemical information encoded in the spectral data. The calibrated equations were developed (Kavera et al., 2014) using principle component regression (PCR), partial least square and modified partial least square (m PLS) regression models. The results were confirmed by GC analysis (Kavera, 2008) . In BC 1 F 4 generation, matured pods were harvested individually and well matured single seed was scanned five times covering all sides of seeds of each genotype and an average of five consistent scans from each genotype was taken for analysis of fatty acids. The superior progenies with high oleic acid (>70%) were selected and advanced to next generation. Different oil quality parameters were estimated as per the formula by Velasco et al. (1997) , Mozingo et al. (1988) and Dwivedi et al. (1998) . Fatty acid profiles of recurrent parent, nonreccurrent parent and check are depicted in the pie chart and frequency distribution of BC 1 F 4 and BC 1 F 5 generations were plotted using SPSS. Scatter diagrams were plotted by R studio. Genotypic and phenotypic coefficients of variation were worked out as per the method suggested by Burton and De Vane (1953) , heritability and genetic advance were calculated according to Johnson (1955) and Robinson et al. (1949) . Simple correlation coefficient was calculated as per Panse and Sukhatme (1967) .
Results and Discussion
Fatty acid composition of high oleate mutant, GM 4-3, moderate oleate parent, GPBD 4 and low oleate genotype, TMV 2 are depicted in Fig 1. The fatty acid composition of genotypes differ from each other with respect to three major fatty acids namely oleic acid, linoleic acid and palmitic acid. Three major fatty acids viz. oleic acid, linoleic acid and palmitic acid constitute 90% of the total oil composition in groundnut. The high oleate mutant, GM 4-3 had 74 % oleic acid and 7.5 % linoleic acid content; whereas high yielding foliar disease resistant genotype, GPBD 4 had 51 % oleic acid and 27 % linoleic acid respectively. Low oleate genotype, TMV 2 had 37 % oleic acid and 38 % linoleic acid (Fig.1) respectively. Analysis of variance revealed significant differences among the backcross progenies for fatty acids and oil quality parameters studied. The genetic parameters viz. genotypic and phenotypic coefficients of variation, heritability in broad sense, genetic advance along with mean and range of different characters are presented in Table 1 . The existence of high variability in backcross progenies of both generations for oleic acid, linoleic acid and O/L ratio was observed (Fig. 2) The magnitude of phenotypic coefficient of variation (PCV) estimates were higher than genotypic coefficient of variation (GCV) for all fatty acids as well as oil quality parameters and there was narrow differences between PCV and GCV estimates in both backcross generations (Table 1 ). This narrow difference between PCV and GCV estimates indicated that variability was mainly due to genotypic differences and there was little influence of environment in the expression of these traits. Oleic to linoleic acid ratio and polyunsaturated to saturated fatty acid ratio exhibited high PCV and GCV estimates whereas palmitic to stearic acid ratio showed moderate estimates of PCV and GCV. Low PCV and GCV estimates were observed for oleic acid, behenic acid, total saturated fatty acids, unsaturated to saturated fatty acid ratio, iodine value and oleic acid desaturation ratio in both generations. The linoleic acid, oleic to linoleic acid ratio and polyunsaturated to saturated fatty acid ratio exhibited high heritability coupled with high genetic advance as per cent of mean in both generations (Table 1) .
High heritability coupled with high genetic advance as per cent mean for these traits indicated greater scope for successful selection as these traits as they could be under the influence of additive gene action. High heritability coupled with moderate genetic advance as per cent of mean was observed for oleic acid, palmitic to stearic acid ratio and oleic acid desaturation ratio. Moderate heritability and low genetic advance as per cent of mean was observed for total saturated fatty acids and unsaturated to saturated fatty acid ratio. Similar result was obtained by Kavera (2008) .
Correlation coefficients between different fatty acids and oil quality parameters are presented in the Table  2 . Oleic acid is a monounsaturated fatty acid; about 38% of oleic acid is found in normal groundnut genotypes and 74% in high oleate groundnut genotypes. Oleic acid is associated with several health benefits such as reduced risk of cardiovascular diseases, cancer and amelioration of inflammatory diseases. Oleic acid content exerted positive association with O/L ratio, arachidic acid, unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio. Oleic acid exhibited negative correlation with palmitic acid, linoleic acid, behenic acid, total saturated fatty acids, total long chain saturated fatty acids, polyunsaturated to saturated fatty acids, iodine value and palmitic to stearic acid (Fig 4 and 5) . Linoleic acid is one kind of polyunsaturated fatty acid and its acyl residues are susceptible to oxidation and rancidity of oil (Patel et al., 2004) . Linoleic acid was positively correlated with total saturated fatty acids (palmitic acid, behenic acid, lignoceric acid), total long chain saturated fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio. Linoleic acid was negatively correlated negatively with oleic acid, O/L ratio, unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio (Fig 3  and 4) .
Monounsaturated oleic acid is significantly more stable to oxidation than polyunsaturated linoleic acid, thus the ratio of oleic to linoleic acid determines the susceptibility of lipids to oxidation and consequently determine the oil quality. O/L ratio was positively associated with stearic acid, oleic acid, arachidic acid, unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio, whereas O/L ratio was associated negatively with palmitic acid, linoleic acid, behenic acid, total saturated fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio. Similar results were obtained by Gangadhara et al., (2015) . Both oleic acid and linoleic acid are produced along the desaturation pathway, which starts with desaturation of stearic acid to oleic acid and further on to linoleic acid (Voelker and Kinney, 2001) . Accumulation of oleic acid in plants can therefore be attributed to either increased activity of stearoyl-ACP deasaturation catalyzing the desaturation of stearic acid to oleic acid or reduced activity of oleoylphosphatidyl (PC) desaturase that is responsible for desaturation of oleic acid to linoleic acid (Lacombe et al., 2001 ).
Fatty acid composition can be expressed as different quality parameters of oil. The magnitude of these parameters are directly proportional to the activity of individual enzyme systems (Cherif et al., 1975) believed to be responsible for desaturation of oleic acid and linoleic acid respectively. Stearic acid is one of the component fatty acids ranging from 2 to 4% of the total oil fraction of groundnut. Stearic acid has a neutral effect on blood serum LDL cholesterol concentration and is therefore a desirable constituent of oils for food use (Byfield et al., 2006) . Stearic acid was associated positively with behenic acid and O/L ratio whereas it was negatively correlated with eicosenoic acid, lignoceric acid, polyunsaturated to saturated fatty acid ratio and palmitic to stearic acid ratio in both generations. Consumption of saturated fatty acids with a chain length of 8 to 16 has been related to increased blood low density lipoprotein cholesterol content, which is main cause of coronary heart diseases (Scarth and Tang, 2006) . Total saturated fatty acids was associated positively with palmitic acid, linoelic acid, behenic acid, lignoceric acid, total long chain fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio and it exhibited negatively association with oleic acid, O/L ratio, unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio.
Unsaturated to saturated fatty acid ratio was correlated positively with unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio, whereas it was correlated negatively with palmitic acid, linoelic acid, behenic acid, lignoceric acid, total long chain fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio Similar results were reported by Gangadhara et al., (2015) . Iodine value is measure of unsaturation of fats and oils and is widely used in the groundnut industry as an indicator of relative storage life of groundnut products (Holley et al., 1968) . Iodine value was associated positively with palmitic acid, linoleic acid, behenic acid, total long chain fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio. Iodine value was associated negatively with stearic acid, oleic acid, arachidic acid, O/L ratio, unsaturated to saturated fatty acid ratio and oleic acid desaturation ratio. The proportion of palmitic to stearic acid is an indicator of efficiency of oil biosynthesis in the seeds (Harwood, 1996) . Low palmitic to stearic acid ratio would be an indicative for efficient oil biosynthesis in seeds (Mollera and Schierholt, 2002) . Palmitic to stearic acid ratio was correlated positively with palmitic acid, linoleic acid, eicosenoic acid, lignoceric acid, total saturated fatty acids, polyunsaturated to saturated fatty acid ratio and iodine value, whereas it was correlated negatively with stearic acid, oleic acid, arachidic acid, O/L ratio and oleic acid desaturation ratio. Oleic acid desaturation ratio is a measure of activity of desaturation enzymes. Oleic acid desaturation ratio was associated negatively with palmitic acid, linoleic acid, behenic acid, ligoceric acid, total saturated fatty acids, total long chain saturated fatty acids, polyunsaturated to saturated fatty acid ratio, iodine value and palmitic to stearic acid ratio.
Linoleic acid, oleic to linoleic acid ratio and polyunsaturated to saturated fatty acid ratio exhibited high PCV and GCV estimates, whereas palmitic to stearic acid ratio showed moderate estimates. Linoleic acid, oleic to linoleic acid ratio and polyunsaturated to saturated fatty acid ratio exhibited high heritability coupled with high genetic advance as per cent of mean in both generations which indicated greater scope for successful selection as these traits which could be under the influence of additive gene action. The virtual elimination of linoleic acid from seed lipids is accompanied by an equivalent increase in content of oleic acid. The proportion of other fatty acids remained unchanged which indicates the mutation block in desaturation of oleic to linoleic acid in high oleate advance backcross progenies. The strong negative relationship between oleic acid and linoleic acid was mainly due to the influence of desaturation of oleic acid to linoleic acid in the fatty acid biosynthesis. 
